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Abstract
Background: Ticks of the species Ixodes ricinus are the main vectors of Lyme Borreliosis and Tick-borne
Encephalitis – two rapidly emerging diseases in Europe. Repellents provide a practical means of protection
against tick bites and can therefore minimize the transmission of tick-borne diseases. We developed and
tested seven different dodecanoic acid (DDA)-formulations for their efficacy in repelling host-seeking
nymphs of I. ricinus by laboratory screening. The ultimately selected formulation was then used for
comparative investigations of commercially available tick repellents in humans.
Methods: Laboratory screening tests were performed using the Moving-object (MO) bioassay. All test
formulations contained 10% of the naturally occurring active substance DDA and differed only in terms of
the quantitative and qualitative composition of inactive ingredients and fragrances. The test procedure
used in the human bioassays is a modification of an assay described by the U.S. Environmental Protection
Agency and recommended for regulatory affairs. Repellency was computed using the equation: R = 100 -
NR/N × 100, where NR is the number of non-repelled ticks, and N is the respective number of control
ticks. All investigations were conducted in a controlled laboratory environment offering standardized test
conditions.
Results: All test formulations strongly repelled nymphs of I. ricinus (100-81% protection) as shown by the
MO-bioassay. The majority of ticks dropped off the treated surface of the heated rotating drum that
served as the attractant (1 mg/cm2 repellent applied). The 10% DDA-based formulation, that produced the
best results in laboratory screening, was as effective as the coconut oil-based reference product. The mean
protection time of both preparations was generally similar and averaged 8 hours.
Repellency investigations in humans showed that the most effective 10% DDA-based formulation (~1.67
mg/cm2 applied) strongly avoided the attachment of I. ricinus nymphs and adults for at least 6 hours. The
test repellent always provided protection (83-63%) against I. ricinus nymphs equivalent to the natural
coconut oil based reference product and a better protection (88-75%) against adult ticks than the synthetic
Icaridin-containing reference repellent.
Conclusion: We found that the 10% DDA-based formulation (ContraZeck®) is an easily applied and very
effective natural repellent against I. ricinus ticks. By reducing the human-vector contact the product
minimises the risk of transmission of tick-borne diseases in humans.
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Background
The most important and commonly found tick in north-
ern Europe is Ixodes ricinus (L.), which acts as a vector of
e.g. several Borrelia species causing Lyme Borreliosis, and
of the Tick-borne Encephalitis (TBE) virus [1].
Tick-borne encephalitis is an endemic disease that is gen-
erally limited to certain geographic foci [2,3]. Up to 5% of
ticks carry the TBE virus in endemic areas of Germany [2].
Thirty per cent of humans bitten by an infected tick
develop symptoms of TBE (headache, fever, nausea) [1,2].
In most cases (90%), the symptoms disappear within
about one week [2]. After an incubation period of up to 20
days, the remaining 10% of cases proceed to the second
stage, which is characterised by the development of a
severe form of meningo-encephalitis associated with the
risk of constant neurological disorders (e.g., paraesthesia)
[1]. A fatal outcome is reported in 1–2% of cases [1,2].
Vaccination against TBE is recommended as a preventive
measure for individuals travelling to or living in risk areas.
Currently, no drug treatment is available for TBE.
Unlike TBE, Lyme Borreliosis is widespread in Europe and
temperate regions of the northern hemisphere [4,5] and
infected ticks can be found at almost all locations, even in
inner city parks [6]. Roughly 5 to 35% of ticks carry bacte-
ria of the genus Borrelia (e.g., B. burgdorferi) [4,7]. The
prevalence rate varies with the stage of tick development:
approximately 20% of adult ticks, 10% of nymphs, and
1% of larvae are infected [7]. When bitten, 20–30% of
humans show a seroconversion, 1.5–6% an infection, but
only 0.3–4% actually develop Lyme Borreliosis [1,7].
Lyme Borreliosis is a multiform and multisystemic disease
rapidly emerging over the last years [4]. In 40–60% of
infected humans, the first manifestation is a spreading red
rash around the bite (erythema migrans), which develops
within a few days to weeks of the tick bite. If left untreated,
meningopolyneuritis, myocarditis or arthritis can occur
[4,7]. Lyme Borreliosis is treated with antibiotics.
I. ricinus ticks are restricted to habitats providing high rel-
ative humidities that do not fall below 80% for extended
periods [8,9]. For host finding, the tick predominantly
adopts the so-called ambush strategy, waiting for a host
on a vantage point, e.g. grass or shrubs [10]. When a ver-
tebrate animal or a human passes by, the tick quickly
clings to the host, then, on the host, searches for an appro-
priate feeding site and starts feeding. Olfactory, visual and
thermal receptors may play different roles in host and
feeding site identification [11-13]. While feeding, I. ricinus
secretes a variety of saliva components with e.g. anticoag-
ulant, antiinflammatory, and immunosupressive action.
These can directly damage the host and favour transmis-
sion and establishment of pathogens [14-18]. An
increased risk of disease transmission with increased
attachment time has been clearly demonstrated, e.g. for B.
burgdorferi  [10,19]. Since certain tick-borne pathogens,
like the TBE virus, are transmitted to the host during the
initial minutes of tick feeding [20], it is important to pre-
vent tick bites completely.
Any person entering the vector's habitat whether for work-
ing or for leisure time activities is at risk. Protection from
tick bites is best achieved by avoiding infested habitats,
wearing protective clothing, and using tick repellent
[4,21]. A repellent is defined by the Environmental Pro-
tection Agency of the United States as a 'pesticide product
that causes insects to be driven or kept away from an iden-
tified area' [22]. In a broader and widely used sense, a
repellent is a product intended to reduce the rate of biting
from blood-sucking arthropods [23]. Given that a single
bite from an infected arthropod can result in transmission
of disease, a tick repellent must be able to prevent ticks
from attaching to the skin. Unlike insecticides, repellents
usually do not kill but rather prevent contact between the
arthropod and the host and, as a consequence, can mini-
mise the risk of acquiring tick-borne infections [4,24]. An
ideal repellent should be effective, easy to apply and non-
toxic to vertebrates, especially humans.
For use on skin, products containing N, N-diethyl-3-
methylbenzamide (DEET) have been widely used for dec-
ades to protect against ticks and biting flies. Recently
developed arthropod repellents, such as 1-methyl-propyl-
2-(hydroxyethyl)-1-piperidinecarboxylate (picaridin),
ethyl butylacetylaminopropionate (EBAAP), and (1S,
2'S)-2-methylpiperidinyl-3-cyclohexene-1-carboxamide
(SS220) were also shown to effectively repel ticks/reduce
the risk of tick bites [24-28]. However, concern about
some serious toxic effects in humans and eco-toxicologi-
cal problems associated with DEET-containing repellents
has revived interest in plants as sources of natural-based
repellents for protection [29-34].
The biocidal product (ContraZeck®) was developed and
manufactured by Dr. R. Pfleger GmbH (Germany) to repel
I. ricinus ticks. The active ingredient, dodecanoic acid
(DDA), is a naturally occurring carboxylic acid that is the
main acid in coconut oil and palm kernel oil, both of
which are commonly used in foodstuffs. This saturated
fatty acid is also a natural component of plant and animal
tissues. The repellency of 10% DDA has been validated
and patented [35]. We tested a variety of different topical
10% DDA-based formulations for their tick-repelling effi-
cacy and tolerability during the process of ContraZeck®
research and development. The present paper describes
the results of this laboratory screening process and
presents the results of comparative repellency studies of
the ultimately selected 10% DDA-based formulation, nowParasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
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available under the trademark ContraZeck®, versus refer-
ence products in humans.
Methods
All tests were conducted by IS Insect Services GmbH in
Berlin, Germany. The test methods have been described
previously [36-38].
Moving-object bioassay (laboratory screening)
Ticks
Laboratory screening tests were performed using unfed I.
ricinus nymphs that were collected from different field
sites in Berlin forest areas. All ticks were maintained at a
shadowed outdoor site in glass vials within desiccators at
a relative humidity of about 90%, natural temperature
and photoperiod known to be suitable for the develop-
ment and life cycle of I. ricinus [39]. Ticks were taken
directly from the outdoor containers to the laboratory and
acclimated to room temperature for about one or two
hours before testing. Longer acclimation periods of up to
two weeks were required in winter.
Test procedure
In the Moving-object (MO) bioassay, warmth and motion
are used as attractants stimulating the natural tick behav-
iour of clinging to a passing host under controlled labora-
tory conditions. The apparatus used for these experiments
was developed and described by Dautel et al. [36]. Briefly,
a slowly rotating vertical drum is heated to a surface tem-
perature of 35–37°C, which is regularly monitored by a
remote infrared thermometer. A piece of filter paper (5 ×
10 cm) fixed at an elevated position on the drum serves as
the tick attachment site. Ticks attracted to the warmth
approach the drum on a horizontally positioned glass rod
that ends directly in front of the drum at a distance where
the tick cannot reach the drum surface by its forelegs. As
the drum rotates, however, the elevated surface of the
drum covered by filter paper passes periodically by and
the tick is able to cling to that surface and transfer to the
drum. To test for repellency, the investigator applies a test
substance to the filter paper and records whether or not
the tick approaches and transfers to the drum and thereaf-
ter remains on the treated filter paper or drops off. The
duration of each step of tick behaviour was measured to
reveal more subtle repellent effects. The strength of this
assay is that different compounds, formulations or prod-
ucts can be compared under standardised laboratory con-
ditions, while confirming that the ticks under
investigation are definitely in a natural host-seeking
modus.
General test conditions
Prior to actual testing, a control run (blank test) was per-
formed with 30 nymphal ticks without repellent but
under otherwise identical test conditions. This control
served to demonstrate sufficient activity of the ticks on the
test day. The filter paper on the drum attachment site was
then treated with one of the 10% DDA-based topical for-
mulations or 10% DDA in ethanol (positive control).
Each experimental run was carried out with 30 ticks, and
each tick was only tested once. Since host-seeking behav-
iour is subject to temporal variation, experiments with
control and test ticks were performed on the same day.
Only active ticks that climbed voluntarily out of their glass
vial after the investigator opened the vial were used for the
tests. Using a fine brush, the ticks were placed individually
on the glass rod with their anterior end facing the drum ≈
1.5 cm away from the tip. All tests were performed under
standardised conditions of room temperature (19–23°C),
relative humidity (30–65%), and drum surface tempera-
ture (35.5–37.0°C).
Criteria assessed
(1) Tick behaviour. Each tick was graded for the following
steps of host location:
a) Did the tick proceed to the drum? (YES/NO)
b) Did the tick attach to the treated or untreated elevated
filter paper (attachment site)? (YES/NO)
c) Did the tick drop off the drum? (YES/NO)
(2) Time course of tick activity. The following times were
recorded:
a) Time required for the tick to reach the tip of the glass
rod, starting from the time it crossed a mark 1 cm from the
tip.
b) Time required for the tick to climb from the tip of the
glass rod to the elevated filter paper.
c) Time that the tick remained on the attachment site.
During each time interval a), b) and c), each tick was
monitored for a maximum of 2 minutes. Ticks that did
not move during the maximum test period were removed
from the experiment and the time for this step was logged
as 120 seconds.
Products tested
10% dodecanoic acid and seven 10% DDA-based topical
formulations were investigated. All products tested were
manufactured in compliance with the quality require-
ments of the current European Pharmacopeia (Ph. Eur.)
in terms of identity, purity and content. 10% dodecanoic
acid in ethanol was sprayed onto the elevated filter paper
and the DDA-based formulations (lotions) were evenly
applied to the filter paper with a roller. The paper wasParasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
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weighed before and after application of each test product
to determine the applied dose. The MO-bioassay was per-
formed using 5 × 10 cm strips of this filter paper. In each
test, three such filter papers were assayed with 10 ticks
each. The quantity of repellent applied per test was about
1 mg/cm2, corresponding to approximately 0.1 mg DDA/
cm2. After this preliminary screening, the repellency of the
10% DDA-based formulation found to be most accepta-
ble was compared to that of Zanzarin® Bio-Hautschutz
Lotion (Engelhard Arzneimittel, Germany), a commer-
cially available, coconut fatty acid-based tick repellent.
Statistical analysis
The G-test [40] was used to test for differences in tick
behaviour, such as the number of nymphs transferring to
the rotating drum or dropping off. Statistical testing was
conducted for differences between times required for spe-
cific behavioural steps using a one-way ANOVA and sub-
sequent Student-Newman-Keuls test. P-values < 0.05 were
regarded as significant. Data sets were analysed using the
software package SPSS for Windows. The repellency of
each test product was determined based on the number of
ticks that: (1) did not approach the drum, (2) did not
attach to the drum, and (3) dropped off the treated filter
paper of the drum. Ticks fulfilling these criteria were clas-
sified as "repelled". Relative repellency (R) was computed
using the equation R = 100-NR/Nx100, where NR is the
number of non-repelled test ticks and N is the respective
number of (non-repelled) control ticks.
Tests in humans
Two small-scale trials in humans were then conducted to
compare the repellent activity of the selected 10% DDA-
based formulation (ContraZeck®)
A. to that of the natural coconut-oil based repellent Zan-
zarin®Bio-Hautschutz Lotion (Engelhard Arzneimittel,
Germany) using I. ricinus nymphs
B. to that of the synthetic Icaridin-containing repellent
Autan® Family Zeckenschutz (Johnson Wax GmbH, Ger-
many) using adult I. ricinus.
Disease-free, laboratory-reared ticks were used in all eval-
uations. The age of the nymphs in trial A was 5 months (n
= 300) and 1.5 years (n = 700). The adult ticks in trial B
were between 6 and 7 months (after moulting) old; their
last blood meal was 8 to 9 months earlier (as nymphs).
The ticks were maintained in a shadowed outdoor site
within glass vials in desiccators at a relative humidity of
90%, normal temperature and photoperiod. One week
before testing started, they were randomised and accli-
mated to room temperature at 90% relative humidity with
a 16:8 h light:dark cycle.
For each study, a total of six volunteers (3 males and 3
females) aged 24 to 45 years (trial A) and 24 to 48 years
(trial B) were tested in the controlled laboratory environ-
ment. During the tests the temperature was kept at a mean
of 22.3 ± 1.2°C, a relative humidity of 58.9 ± 9.0%.
The test procedure used in the human bioassays was
developed by Dautel [37]. It is a modification of an assay
described by the U.S. Environmental Protection Agency
and recommended for regulatory affairs for laboratory
tests with volunteers [22]. The left and right lower leg of
each volunteer was treated with one of the respective test
products alternately on two different days. The surface
area of each lower leg (test area) was calculated as the
product of lower leg length (mean of two measurements
of distance from the hollow of the knee to the heel lateral
to the knee and on anterior aspect of each leg) and leg cir-
cumference (mean of 5 measurements taken at the ankle
and knee and three equidistant points between). These
measurements were used to calculate the amount of repel-
lent applied per unit surface area (mg/cm2). The target
dose of repellent, as recommended in the OPPTS
810.3700 product performance test guidelines of the U.S.
Environmental Protection Agency, was 1.67 mg/cm2 [22].
The amount of test product actually applied was deter-
mined by subtraction of before and after product weight
measurements.
The volunteers were instructed to avoid coffee, tea and fra-
grance products on the day of testing. Immediately prior
to treatment, each person washed the shaved leg with
unscented (fragrance free) soap, rinsed it with water,
cleaned it two times with a cloth soaked with 70% etha-
nol, rinsed the leg again with water and dried it with a
towel. The volunteers applied and evenly distributed the
weighed test product (~1.6 mg/cm2) to the entire test area
using a gloved hand. White Vaseline was applied to the
underside of an untreated copper disk (diameter: 3 cm,
thickness: 0.1 mm), which was positioned in the centre of
the treated skin area using forceps. With the aid of a sten-
cil, a 13 cm diameter circle was marked around the copper
disk. The ticks were applied to the lower legs (held in the
vertical plane) of the seated volunteer. Thirty minutes
after repellent application, two hungry ticks (nymphal (A)
or adult (B) stages of I. ricinus) were placed on the
untreated copper disk and observed for 5 minutes (maxi-
mum). The investigator recorded (1) whether the ticks
crawled onto the treated skin or not, (2) whether the ticks
dropped off the disk or skin, (3) whether the ticks crawled
a distance of at least 5 cm (to the circle mark), and (4)
how long it took the ticks to reach the mark. If they
crossed the mark, the direction of motion (up, down, or
horizontal) was also recorded in order to distinguish pos-
sible subtle repellent effects. Ticks that crawled onto theParasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
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treated skin area and crossed the circle mark were classi-
fied as non-repelled, and those that did not as repelled.
At the start of each test, two ticks were placed together on
the same disk, observed for 5 minutes, and then replaced
with two new, untested ticks making a total of 12 ticks
(adults: 6 female and 6 male ticks) per 30-minute cycle.
Nymphs and adults were tested at times 30–60 min., 90–
120 min., 150–180 min., 210–240 min., and 330–360
min after test product application.
Prior to product testing, a negative (untreated) control run
with 12 ticks/volunteer was performed without repellent
but under otherwise identical conditions. This control
served to demonstrate sufficient activity of the ticks on the
test day (criterion: at least 9 of 12 ticks crawled onto the
skin and crossed the circle mark within 5 minutes).
Statistical analysis
The times required for ticks in the different groups to
crawl onto the skin were tested for differences using a one-
way ANOVA followed by the conservative Scheffé test. Sta-
tistical analyses were done using Statistika v. 8.0. Repel-
lency of each product and differences between the
efficacies of the two test products were evaluated by G-test
[40] using the conservative Yate's correction in cases
where samples with ≥ 30 ticks were compared. P-values <
0.05 were regarded as significant. Absolute repellency was
expressed as the percentage of ticks that did not cross the
circle mark on the treated skin (repelled ticks). Repellency
(R) in relation to the control was computed using the
aforementioned equation, where NR is the number of
(non-repelled) ticks that crossed the circle mark and N is
the respective number of (non-repelled) control ticks.
Results
Moving-object bioassay (laboratory screening)
To identify the most effective 10% DDA-based formula-
tion, screening of 7 precursor preparations was performed
using the MO-bioassay with a total of 720 ticks in five
independent studies of comparable design.
Comparison of 10% DDA and the different DDA-based formulations
- Tick behaviour
The heated moving object (drum) proved to be a good
attractant: ≥ 97% of the I. ricinus nymphs approached the
drum in the absence of repellent. When the elevated filter
paper on the drum (attachment site) was treated either
with 10% DDA alone or with one of the DDA-based for-
mulations, 100% and >93%, respectively, of the nymphs
crawled to the tip of the glass rod (Table 1). Therefore, no
distance effect was observed with DDA or any of the DDA-
based formulations.
Fewer ticks clung to the elevated filter paper treated with
either 10% DDA or any of the respective DDA-based for-
mulations than to the untreated filter paper, but the per-
centage of nymphs that transferred to the drum
attachment site was not significantly different from the
controls. In addition, the nymphs that did not cling to the
elevated filter paper showed no typical distance effect in
response to the repellent. Most of them dropped off the
glass rod even when they stretched their forelegs and
touched the attachment site of the moving drum.
The 10% DDA and all of the DDA-based formulations sig-
nificantly repelled those tick nymphs that transferred to
the treated filter paper. Between 75 and 100% of the
nymphs dropped off the treated filter paper within only a
few seconds; this behaviour was significantly different
from that of the controls.
All products tested achieved a relative repellency of 81.4
to 100 per cent. The repellency of 10% DDA (positive con-
trol) was 82.1% in one test and approximately 89% in the
two others. One DDA-based formulation achieved a
repellency of only 81.4%, but the other six formulations
achieved repellency levels of 86 to 100 per cent. Accord-
ingly, the repellency of the six DDA-based formulations
was at least as high as that of 10% DDA.
- Time course of tick activity
The mean times required to reach the tip of the glass rod
and to transfer to the rotating drum did not differ signifi-
cantly between the control and test groups (ANOVA, P >
0.05). Therefore, no distance effect associated with repel-
lent exposure was observed. The tick nymphs stayed
attached to filter paper treated with either 10% DDA or
one of the DDA-based formulations for significantly less
time than on untreated filter paper (ANOVA, P < 0.001).
Most ticks dropped off the treated area within a few sec-
onds. In addition, the nymphs remained on filter paper
treated with the respective DDA-based formulations for
significantly shorter periods than on filter paper treated
with 10% DDA (Figure 1).
Repellency of the selected 10% DDA-based formulation versus 
Zanzarin®
The repellency of the 10% DDA-based formulation that
produced the best results in screening was compared to
that of the reference product Zanzarin® in a further study
using the MO-bioassay. The course of repellency over time
was observed in 210 tick nymphs for a total of 8 hours
after application of the respective test substance (Table 2).
The DDA-based formulation exhibited maximum relative
repellency (100%) 1, 4 and 8 hours after application.
Repellency of the reference product was slightly lower
after 1 hour (96.5%) and also varied over time. However,
both the DDA-based formulation and the reference prod-Parasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
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uct proved to be equally repellent to I. ricinus nymphs
over 8 hours. Ticks spent significantly less time on filter
paper treated with either of the two repellents than on
untreated filter paper. The two repellent formulations did
not exhibit any significant differences in regard to the time
course of tick activity.
Tests in humans
Trial A: Repellency of ContraZeck® versus Zanzarin® against I. 
ricinus nymphs
I. ricinus nymphs were strongly repelled by both the
selected 10% DDA-based formulation and the reference
product Zanzarin® for up to 6 hours after application (G-
values always >38.5, P always < 0.001). Quantitative dif-
ferences in the repellency of the two products between
volunteers were observed. However, both of the two prod-
ucts exhibited statistically significant repellency in all vol-
unteers and at each sampling time.
Figure 2 shows the mean repellency of both products in
tick nymphs in relation to the respective controls over the
whole observation time of 360 minutes after application.
Whereas more than 94% of all control nymphs crawled
onto the untreated skin, both repellents prevented more
than 83% (ContraZeck®) and 94% (Zanzarin®) of them
from crossing the 5 cm circle mark during the first obser-
vation cycle (30–60 min after application). Most of the
nymphs dropped already off the copper disk, a small
number only dropped off the treated skin. No significant
differences in mean repellency were found between the
two products at any time. Both the test formulation and
reference product remained as effective as in the prelimi-
nary experiments.
The percentage of tick nymphs repelled decreased slowly
and moderately over time (up to 6 h), but the repellency
of the test and reference product was always significantly
different from that of the controls. At 6 h, relative repel-
Table 1: Repellent effects of different DDA-based lotion-formulations against I. ricinus nymphs (MO-bioassay)
Project Crawling to the tip of the 
glass rod
Attaching the filter paper on the 
drum
Dropping off the attachment site Repellency [%]
n % n % n % Significance*
Trial 1
Blank test 29 96.7 27 93.1 0 0
10% DDS 30 100 28 93.3 25 89.3 p < 0.001 88.90
Batch 030138 30 100 23 76.7 22 95.7 p < 0.001 96.30
Batch 030142 29 96.7 20 69.0 15 75.0 p < 0.001 81.40
Trial 2
Blank test 29/30 96.7 24/27 82.8/90.0 0/1 0/3.7
10% DDS 30 100 24 80.0 21 87.5 p < 0.001 88.5
Batch 030174 30 100 20 66.7 17 85.0 p < 0.001 87.5
Batch 030175 29/29 96.7/96.7 21/20 72.4/69.0 19/17 90.5/85.0 p < 0.001 91.63/88.5
Batch 030176 28 93.3 22 78.6 20 90.9 p < 0.001 91.63
Trial 3
Blank test 30 100 28 93.3 0 0
10% DDS 30 100 24 80.0 19 79.2 p < 0.001 82.10
Batch 040088 30 100 23 76.7 19 82.6 p < 0.001 85.74
Trial 4
Blank test 30 100 29 96.7 0 0
Batch 040108 30 100 21 70.0 21 100 p < 0.001 100
Batch 050030 30 100 24 80.0 24 100 p < 0.001 100
The quantity of repellent applied per test was about 1 mg/cm2, corresponding to approximately 0.1 mg DDA/cm2. Batch No. 050030 is identical to 
the final product ContraZeck® in terms of the qualitative and quantitative ingredients and fragrances. Batch No. 040088 and Batch No. 040108 are 
identical in terms of the qualitative and quantitative ingredients and fragrances. *Significance in relation to blank test
MO-bioassay Figure 1
MO-bioassay. Mean times (± S.D.) tick nymphs 
stayed attached to the filter paper. The filter paper on 
the attachment site of the rotating drum was treated either 
with 10% DDA (n = 28) or with one of the 10% DDA-based 
formulations (Trial 1: batch no. 030138, n = 23; batch no. 
030142, n = 20). The control run (blank test, n = 27) was 
performed without repellent but under otherwise identical 
conditions. Differences between the control and each of the 
test substances are statistically significant (ANOVA, P < 
0.001).
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lency of the DDA-based formulation was 63% in I. ricinus
nymphs compared to 75% for the reference product (dif-
ference not significant).
The test and reference products did not exhibit any differ-
ences with respect to the time required for the ticks to
crawl onto the treated skin or in the direction of their
walk. Control ticks exhibited a strong tendency to crawl
upwards on untreated skin. In contrast, test ticks walking
on treated skin preferred to crawl downwards to escape
the host [37]. A mean 62% of control ticks crawled up and
15% down (the others to the side), whereas only 2
nymphs per test substance crawled up, but 80% (Con-
traZeck®: G = 99.5, P < 0.001) and 50% (Zanzarin®: G =
69.8, P < 0.001) crawled downwards on the treated skin.
In this respect, there were no significant differences
between the test and reference product.
Trial B: Repellency of ContraZeck® versus Autan® Family against 
adult ticks of I. ricinus
Of the two products tested, that containing 10% DDA
provided the most effective protection (relative repel-
lency: 88-75.5%). There was an overall statistically signif-
icant tendency in favour of the 10% DDA-based
formulation (ContraZeck®) when compared with the syn-
thetic Icaridin-containing product (Autan® Family) over all
volunteers and all time points (G = 12.4, P < 0.01). Com-
pared to the controls, both the test product and the refer-
ence product provided statistically significant and long-
lasting protection (88-62%) in all volunteers and at each
time point for up to 6 hours after application (G-values
always >61.9, P always < 0.001) (Figure 3). In terms of rel-
ative repellency, both products were quite similar at 1, 4
and 5 hours after application, whereas there was a statisti-
cally significant difference in repellency between Con-
traZeck® and Autan® Family at 2, 3 and 6 hours (2 h: G =
6.4 (P < 0.05); 3 h: G = 6.4 (P < 0.05); 6 h: G = 4.2 (P <
0.05).
Differences in repellent reaction between male and female
ticks were not observed. There were almost no further dif-
ferences between both products regarding the number of
ticks entering the treated skin or between the walking
directions of such ticks that were not repelled. However,
both products induced more ticks to walk down than in
the controls.
Discussion
The European Parliament classifies substances as "repel-
lents and attractants" (biocidal product-type 19) that are
"used to control harmful organisms (invertebrates, verte-
Table 2: Repellent effects of ContraZeck® and Zanzarin® against I. ricinus nymphs over time (MO-bioassay)
Test formulation Crawling to the tip of 
the glass rod
Attaching the filter paper on 
the drum
Dropping off the attachment site Repellency [%]
n % n % n % Significance
Blank test 30 100 28 93.3 0 0
DDA-based form. 
Batch 040088 – 1 h
30 100 23 75.7 23 100 p < 0.001* p > 0.05** 100
Batch 040088 – 4 h 30 100 25 83.3 25 100 p < 0.001* p < 0.05** 100
Batch 040088 – 8 h 30 100 23 75.7 23 100 p < 0.001* p > 0.05** 100
Reference# – 1 h 28 93.3 23 82.1 22 95.7 p < 0.001* 96.5
Reference# – 4 h 30 100 29 96.7 24 82.8 p < 0.001* 82.1
Reference# – 8 h 30 100 25 83.3 21 84.0 p < 0.001* 85.7
The quantity of the DDA-based formulation (ContraZeck®) applied per test was about 1 mg/cm2, corresponding to approximately 0.1 mg DDA/
cm2. # The reference product Zanzarin® (Bio-Hautschutz Lotion) was applied per test in a concentration of 1.05 mg/cm2.
Significance: *in relation to blank test, **in relation to Zanzarin®. Differences in repellency between both products are significant only 4 hours after 
application.
Test in humans [A]. Relative repellency of ContraZeck® and  Zanzarin® against I. ricinus nymphs Figure 2
Test in humans [A]. Relative repellency of Con-
traZeck® and Zanzarin® against I. ricinus nymphs. Each 
data point in the graph is the mean ± S.D. of relative repel-
lency (with respect to the controls) in six volunteers and of 
12 nymphys tested in each volunteer (n = 72) at the respec-
tive time interval.
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brates), by repelling or attracting, including those that are
used for human or veterinary hygiene either directly or
indirectly" [41]. Dodecanoic acid (DDA), the active sub-
stance in the tick repellent ContraZeck®, is intended for
use on human skin. When applied as a repellent, DDA
therefore indirectly serves as a human hygiene product
used as a preventive measure. Consequently, the respec-
tive DDA-formulation must be classified as a biocidal
product type 19 according to Annex V of Directive 98/8/
EC [41]. The repellent must therefore fulfil several require-
ments to be accepted by regulatory authorities and users.
The results of the presented investigations demonstrate
convincingly that the DDA-based formulation meets
these requirements.
Protection from tick bites
Moving-object bioassay
As clearly demonstrated by laboratory screening, each of
the seven DDA-based formulations tested significantly
reduced the proportion of I. ricinus nymphs attaching to
repellent-treated filter paper on the rotating drum of the
MO-bioassay apparatus. Although a distance effect cover-
ing a few mm or more can be excluded, a small number of
ticks dropped off in the phase of clinging to the drum sur-
face. The majority of ticks, however, dropped off the
treated filter paper within seconds, a behaviour rarely
observed in the controls. This demonstrates a clear repel-
lent effect.
In all experiments, it was clear that the nymphs displayed
their natural host-seeking behaviour during the tests.
Arthropods engaged in host seeking are more difficult to
repel than individuals tested in the absence of any attrac-
tive stimuli [42]. This was shown for ticks using the MO-
bioassay, since DEET could repel I. ricinus nymphs even
from a short distance when there was no attractant availa-
ble, whereas a high proportion of nymphs initially walked
onto the DEET-treated filter paper of the rotating drum
that attracted the ticks by warmth [36]. Thus, the MO-bio-
assay can assess more aspects of repellency than an assay
lacking such an attractive component. This is a major
advantage since repellents used for personal protection
must effectively counteract all the attractive effects of a
potential host [38]. Therefore, the MO-bioassay is consid-
ered a suitable laboratory test system for potential tick
repellents. The good prospective quality of the MO-bio-
assay is further shown by the results of the human studies
that differed only slightly from those of the laboratory
screening.
The fact that most of the nymphs dropped off the treated
filter paper suggests that the tested DDA-based formula-
tions may act as contact repellents. Such contact repel-
lency was proven for the pyrethroid permethrin [43], a
sodium channel blocker that did not repel ticks in the gas
phase [26]. One can suspect that the different DDA-based
formulations either had irritant properties that warded off
the ticks and/or other effects that modified the surface
properties of the treated area. However, from the MO-bio-
assay results it cannot be ruled out that DDA might never-
theless ultimately act in the gas phase at concentrations
that are only high enough immediately above the evapo-
rating surface at 35°C, a temperature close to the melting
point of the substance.
However, irrespective of its mode of action, the proven
repellency of each of the 10% DDA-based formulations
unequivocally demonstrates that this concentration is
adequate for effective protection against tick bites. The test
results also showed that the selected fragrances and inac-
tive ingredients of each product formulation did not rele-
vantly influence the repellent effect of the active principle,
dodecanoic acid.
The efficacy of the selected DDA-based formulation was
comparable to that of the reference product Zanzarin®
(Bio-Hautschutz Lotion), which had already been inde-
pendently verified as being very effective against hard ticks
[44]. In these previous investigations, the coconut oil-
based product Zanzarin® was identified as the most effec-
tive product currently available on the market.
Test in humans [B]. Relative repellency of ContraZeck® and  Autan® Family against adult I. ricinus ticks Figure 3
Test in humans [B]. Relative repellency of Con-
traZeck® and Autan® Family against adult I. ricinus 
ticks. Each data point in the graph is the mean ± S.D. of rela-
tive repellency (with respect to the controls) in six volun-
teers and of 12 adult ticks tested in each volunteer (n = 72) 
at the respective time interval.
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Tests in humans
The repellency of the 10% DDA-based formulation found
to be the most acceptable in laboratory screening was
additionally compared to that of two reference products
in humans. Under the described standardised test condi-
tions [38], nymphal and adult life stages of I. ricinus were
strongly deterred from crossing uncovered skin treated
with either the test or one of the reference products for at
least six hours. Hereby, the DDA-based preparation was
found to be just as effective as the natural reference prod-
uct Zanzarin® in repelling I. ricinus nymphs. Comparable
experimental conditions were used to test eight other
commercially available repellents against ticks of the spe-
cies I. ricinus in a previous study with volunteers [37]. Two
products prevented more than 90% of the nymphs from
crawling a distance of 5 cm over treated skin (arm or leg)
during the observation period of 15 to 45 min after repel-
lent application. The other six products either repelled
lower proportions of the ticks (70–80%) or showed no
repellent effect at all (<50%). Accordingly, both the DDA-
based formulation and the reference product used in the
present human study showed comparable efficacy against
I. ricinus nymphs as the most effective repellents in the
previous study.
The selected DDA-based formulation ContraZeck® was
also proved to be highly effective against adult ticks of I.
ricinus. Overall, there was a statistically significant ten-
dency in favour of ContraZeck® when compared with the
synthetic reference product Autan® Family over all volun-
teers and all time points.
The present tests in humans showed, that ticks need not
necessarily come into direct contact with the tested formu-
lation in order to be repelled by them as the great majority
of the ticks dropped off the copper disk before they had
come in contact with the treated skin.
Another criterion, albeit for a more subtle repellent effect,
may be the direction the tick crawls on treated skin. Once
on a host, I. ricinus nymphs and adults normally prefer to
crawl upwards when seeking a feeding site. In the present
assays, however, most of the ticks that crossed repellent-
treated skin walked downwards, irrespective of the type of
repellent used. This finding may signify that such ticks
that were not classified "repelled" according to test criteria
might nevertheless have had the motivation to walk off
the host.
Theoretically, field tests with volunteers are the preferable
method for evaluation of repellents for human use [42],
but they are presumably unethical in Europe because they
pose the risk of transmission of tick-borne diseases. Fur-
thermore, conducting such studies indoors makes it pos-
sible to reduce potential confounding variables, such as
density of tick population, the level of the ticks' hunger,
temperature, humidity, and the wind speed that can make
it difficult to analyse comparisons among products made
in outdoor-field trials [38]. Field tests require therefore
high numbers of test replications. The volunteer studies
used here, in contrast, allow direct observation and quan-
tification of tick behaviour under more standardised con-
ditions, including minimal risk of volunteers to acquire
tick-borne diseases. The ratio for using this specific test in
favour of the EPA procedure is discussed in Dautel [37].
The observed inter-individual differences in repellency are
quite normal considering that only a small number of vol-
unteers were tested and that the attractiveness of humans
to other blood-sucking arthropods also varies [45,46].
In conclusion, the DDA-based formulation convincingly
meets the requirements of an effective repellent and pre-
vents ticks from piercing exposed skin. This can be
achieved either by preventing the tick from clinging to the
body at all or by inducing the tick to drop off once it
comes in contact with treated skin.
Duration of repellency
The investigations showed that the tested DDA-based for-
mulations provided significant tick bite protection for up
to 6 hours in humans and up to 8 hours in the laboratory-
testing device. The mean protection times of ContraZeck®
and the reference products against bites of I. ricinus
nymphs and adults were comparable. Under field condi-
tions, however, the degree of protection can be influenced
by several factors, including environmental ones, like
habitat structure, weather, tick activity/density, and host-
typical properties like the degree of human exercise, the
kind of clothes or fragrances used, or the quantity of repel-
lent applied [24,37].
Tolerance
No toxic or allergic reactions to dodecanoic acid have
been reported, and DDA was shown to be safe when used
on skin. The Cosmetic Ingredient Review [47] concluded
that DDA is safe in cosmetic use up to a concentration of
25%.
Conclusion
We conclude that the DDA-based formulation Con-
traZeck® is an easily applied and effective repellent against
nymphal and adult life stages of I. ricinus. The product
can be expected to provide a safe as well as a long-lasting
repellent effect under circumstances in which it is crucial
to be protected against tick bites that might transmit dis-
ease.Parasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
Page 10 of 11
(page number not for citation purposes)
Competing interests
The authors declare that they have no competing interests.
Funding is acknowledged in the article.
Authors' contributions
US conceived the studies, and participated in their design
and coordination. GJ developed, analysed and manufac-
tured the different DDA-based formulations. HD carried
out the laboratory screening tests and human bioassays,
and performed the statistical analysis. US and HD
reviewed and provided input into the first draft of this
manuscript. US and HD take responsibility for the inter-
pretation of the results and for critical revision of the man-
uscript. All authors read and approved the final
manuscript.
Acknowledgements
We thank Dr. Petra Schwantes, BioMedical Services info@biomedicalserv-
ices.de, who provided medical writing services in the preparation of the 
manuscript on behalf of Dr. R. Pfleger GmbH.
The Dr. R. Pfleger GmbH, Germany, funded the investigations performed 
by IS Insect Services GmbH.
References
1. Hellenbrand W, Poggensee G: Zecken auf dem Vormarsch: Bor-
reliose und FSME im Gepäck.  Berliner Ärzte 2007, 5:15-21.
2. RKI FSME   [http://www.rki.de/cln_048/nn_466802/DE/Content/
Infekt/EpidBull/Merkblaetter/Ratgeber__Mbl__LymeBorreliose.html]
3. Süss J, Schrader C: Durch Zecken übertragene humanpatho-
gene und bisher als apathogen geltende Mikroorganismen in
Europa. Teil I: Zecken und Viren.  Bundesgesundheitsbl – Gesund-
heitsforsch – Gesundheitsschutz 2004, 47:392-404.
4. Wormser GP, Dattwyler RJ, Shapiro ED, Halperin JJ, Steere AC,
Klempner MS, Krause PJ, Bakken JS, Strle F, Stanek G, Bockenstedt L,
Fish D, Dumler JS, Nadelman RB: The clinical assessment, treat-
ment, and prevention of Lyme disease, human granulocytic
anaplasmosis, and babesiosis: clinical practice guidelines by
the Infectious Diseases Society of America.  Clin Infect Dis 2006,
43:1089-1134.
5. Parola P, Raoult D: Ticks and tickborne bacterial diseases in
humans: an emerging infectious threat.  Clin Infect Dis 2001,
32:897-928.
6. Dautel H, Kahl O: Ticks (Acari: Ixodoidea) and their medical
importance in the urban environment.  In Proceedings of the
Third International Conference on Urban Pests: 19–22 July 1999 Edited
by: Robinson WH, Rettich F, Rambo GW. Prague, Czech Republic;
1999:73-82. 
7. Robert Koch Institut: Lyme-Borreliose.  In RKI-Ratgeber Infektionsk-
rankheiten Volume 17. Aktualisierte Fassung; 2007:147-151.  Epid Bull
2007
8. Kahl O, Knülle W: Wirtssuchaktivität der Schildzecke Ixodes
ricinus (Acari, Ixodidae) und ihre Durchseuchung mit Lyme-
Spirochäten und dem Frühsommer-Meningoencephali-
tis(FSME)-Virus in Berlin (West).  Mitt Dtsch Ges Allg Angew Ento-
mol 1988, 6:223-225.
9. MacLeod J: Ixodes ricinus in relation to its physical environ-
ment. IV. An analysis of the ecological complexes controlling
distribution and activities.  Parasitology 1936, 28:295-315.
10. Sonenshine DE: Biology of ticks Volume 2. New York: Oxford Univer-
sity Press; 1993. 
11. Gingl E, Tichy H: Infrared sensitivity of thermoreceptors.  J
Comp Physiol A 2001, 187:467-475.
12. Perret JL, Guerin PM, Diehl PA, Vlimant M, Gern L: Darkness
induces mobility, and saturation deficit limits questing dura-
tion, in the tick Ixodes ricinus.  J Exp Biol 2003, 206:1809-1815.
13. Sonenshine DE: Biology of ticks Volume 1. New York: Oxford Univer-
sity Press; 1991. 
14. Leboulle G, Crippa M, Decrem Y, Mejri N, Brossard M, Bollen A,
Godfroid E: Characterization of a novel salivary immunosup-
pressive protein from Ixodes ricinus ticks.  J Biol Chem 2002,
277:10083-10089.
15. Mejri N, Rutti B, Brossard M: Immunosuppressive effects of Ixo-
des ricinus tick saliva or salivary gland extracts on innate and
acquired immune response of BALB/c mice.  Parasitol Res 2002,
88:192-197.
16. Sauer JR, Essenberg RC, Bowman AS: Salivary glands in ixodid
ticks: control and mechanism of secretion.  J Insect Physiol 2000,
46:1069-1078.
17. Hoffmann A, Walsmann P, Riesener G, Paintz M, Markwardt F: Isola-
tion and characterization of a thrombin inhibitor from the
tick Ixodes ricinus.  Pharmazie 1991, 46:209-212.
18. Nuttall PA: Pathogen-tick-host interactions: Borrelia burgdor-
feri and TBE virus.  Zentralbl Bakteriol 1999, 289:492-505.
19. Kahl O, Janetzki-Mittmann C, Gray JS, Jonas R, Stein J: Risk of infec-
tion with Borrelia burgdorferi sensu lato for a host in relation
to the duration of nymphal Ixodes ricinus feeding and the
method of tick removal.  Zentralbl Bakteriol 1998, 287:41-52.
20. Lane RS: Competence of ticks as vectors of microbial agents
with an emphasis on Borrelia burgdorferi.  In Ecological dynamics
of tick-borne zoonoses Edited by: Sonenshine DE, Mather TN. New
York: Oxford University Press; 1994:45-67. 
21. How to Use Insect Repellents Safely|Pesticides|US EPA
[http://www.epa.gov/pesticides/health/mosquitoes/insectrp.htm]
22. OPPTS Harmonized Test Guidelines|Office of Prevention,
Pesticides and Toxic Substances|US EPA   [http://
www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/
810_Product_Performance_Test_Guidelines/Drafts/810-3700.pdf]
23. White GB: Terminology of insect repellents.  In Insect repellents.
Principles, methods and uses Edited by: Debboun M, Frances SP, Strick-
man D. Boca Raton: CRC Press; 2007:31-46. 
24. Carroll SP: Evaluation of topical insect repellents and factors
that effect their performance.  In Insect repellents. Principles, meth-
ods and uses Edited by: Debboun M, Frances S P, Strickman D. Boca
Raton: CRC Press; 2007:245-259. 
25. Carroll JF, Klun JA, Debboun M: Repellency of deet and SS220
applied to skin involves olfactory sensing by two species of
ticks.  Med Vet Entomol 2005, 19:101-106.
26. McMahon C, Kröber K, Guerin PM: In vitro assays for repellents
and deterrents for ticks: differing effects of products when
tested with attractant or arrestment stimuli.  Med Vet Entomol
2003, 17:370-378.
27. Pretorius AM, Jensenius M, Clarke F, Ringertz SH: Repellent effi-
cacy of DEET and KBR 3023 against Amblyomma hebraeum
(Acari: Ixodidae).  J Med Entomol 2003, 40:245-248.
28. Staub D, Debrunner M, Amsler L, Steffen R: Effectiveness of a
repellent containing DEET and EBAAP for preventing tick
bites.  Wilderness Environ Med 2002, 13:12-20.
29. Jaenson TGT, Pålsson K, Borg-Karlson AK: Evaluation of extracts
and oils of tick-repellent plants from Sweden.  Med Vet Entomol
2005, 19:345-352.
30. Garboui SS, Jaenson TGT, Pålsson K: Repellency of MyggA®Nat-
ural spray (para-menthane-3,8-diol) and RB86 (neem oil)
against the tick Ixodes ricinus (Acari: Ixodidae) in the field in
east-central Sweden.  Exp Appl Acarol 2006, 40:271-277.
31. Jaenson TGT, Garboui S, Pålsson K: Repellency of oils of lemon
eucalyptus, geranium, and lavender and the mosquito repel-
lent MyggA Natural to Ixodes ricinus (Acari: Ixodidae) in the
laboratory and field.  J Med Entomol 2006, 43:731-736.
32. Gardulf A, Wohlfart I, Gustafson R: A prospective cross-over
field trial shows protection of lemon eucalyptus extract
against tick bites.  J Med Entomol 2004, 41:1064-1067.
33. Thorsell W, Mikiver A, Tunón H: Repelling properties of some
plant materials on the tick Ixodes ricinus L.  Phytomedicine 2006,
13:132-134.
34. Mehlhorn H, Schmahl G, Schmidt J: Extract of the seeds of the
plant Vitex agnus castus proven to be highly efficacious as a
repellent against ticks, fleas, mosquitoes and biting flies.  Par-
asitol Res 2005, 95:363-365.
35. Dautel H, Hilker M, Kahl O, Siems K: Verwendung von Dodecan-
säure als Zeckenrepellent. Patentschrift DE 199 25 838 C 1.
Deutsches Patent- und Markenamt . 01.03.2001Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Parasites & Vectors 2008, 1:8 http://www.parasitesandvectors.com/content/1/1/8
Page 11 of 11
(page number not for citation purposes)
36. Dautel H, Kahl O, Siems K, Oppenrieder M, Müller-Kuhrt L, Hilker
M: A novel test system for detection of tick repellents.  Ent Exp
Appl 1999, 91:431-441.
37. Dautel H: In vivo test method for repellents against the hard
tick, Ixodes ricinus (Acari: Ixodidae), main vector of Lyme
Borreliosis and TBE in Europe.  In Proceedings of the Fourth Inter-
national Conference on Urban Pests: 7–10 July 2002; Charleston, USA
Edited by: Jones SC, Zhai J. Robinson WH: Pocahonta Press, Blacks-
burg; 2002:387-398. 
38. Dautel H: Test systems for tick repellents.  Int J Med Microbiol
2004, 293(Suppl 37):182-188.
39. Dautel H, Knülle W: Cold hardiness, supercooling ability and
causes of low-temperature mortality in Argas reflexus and
Ixodes ricinus (Acari: Ixodoidae) from Europe.  J Insect Physiol
1997, 43:843-854.
40. Sokal RR, Rohlf FJ: Biometry 2nd edition. New York: Freeman; 1981. 
41.  [http://ecb.jrc.it/legislation/1998L0008EC.pdf]. http://ecb.jrc.it/legisla
tion/1998L0008EC.pdf
42. Schreck CE: Techniques for the evaluation of insect repel-
lents: a critical review.  Ann Rev Entomol 1977, 22:101-119.
43. Dautel H, Cranna R: Assessment of repellency and mortality of
a Imidacloprid + Permethrin spot-on solution against Ixodes
holocyclus using a Moving Object Bioassay.  Aust Vet Practit 2006,
36:138-147.
44. Bissige Biester.  Test 2001, 4:44-49.
45. Schofield S, Sutcliffe JF: Humans vary in their ability to elicit bit-
ing responses from Simulium venustum (Diptera: Simuliidae).
J Med Entomol 1997, 34:64-67.
46. Steelman CD, Brown AH, Gbur EE, Tooley G: Interactive
response of the horn fly (Diptera: Muscidae) and selected
breeds of beef cattle.  J Econ Entomol 1991, 84:1275-1282.
47.  [http://www.cir-safety.org/staff_files/publist.pdf].